Introduction
Vesicoureteral reflux (VUR) is a common abnormality affecting 1% -2% of the pediatric population [1] . The association between VUR and urinary tract infection (UTI) is well known, with risk for scarring of the renal parenchyma. Several studies have shown familial clustering of VUR, implying that genetic factors play an important role in its pathogenesis. For example, siblings of children with VUR are at higher risk of reflux than the general population, with reported prevalences between 27% and 51% [2] - [4] . Among multiple gestation births the concordance is higher in monozygotic twins than in dizygotic ones (80% vs. 35%) [5] . Moreover, the risk for offspring of parents with previously diagnosed VUR of having VUR themselves is reported to be 66% [6] .
Although subjects with VUR may present with similar initial symptoms, some cases have a benign natural course with no recurrent UTIs, no progressive renal damage and a high rate of spontaneous resolution of the reflux. Others, on the other hand, have recurrent UTIs, deterioration of renal status and persistent reflux [7] . These two phenotypes may have different etiological and genetic backgrounds. Therefore, it is of great interest to establish whether this previously described inherited (familial) form of VUR represents the same disease as the sporadic cases (when only one individual in the family has VUR) or whether it has a more aggressive course. In order to answer this question we assessed clinical features including severity of reflux, frequency of recurrent infections, renal damage, overall kidney function, and natural course in familial VUR compared with sporadic reflux cases. The aim of this study was to increase the understanding of the etiology of VUR. This knowledge can be further used to predict prognosis and individually tailor appropriate treatment. treated at Queen Silvia's Children Hospital (a tertiary referral center) in Gothenburg, Sweden between 1990 and 2004 were identified through medical records. Letters were sent to all but 13 index cases, inquiring as to whether there were other members of the family or close relatives with VUR. The 99 cases that reported more than one individual with VUR were interviewed by telephone. During this conversation we inquired as to which members of the family had diagnosed VUR or had symptoms indicating such a problem, i.e. recurrent UTIs, bladder function symptoms or kidney problems. We also asked about possible consanguinity in the family. In this study, familial VUR cases were defined as patients with one or more first, second or third degree relatives with VUR. These affected relatives were analyzed as a separate group and compared with index and non-familial cases. Patients with VUR secondary to urethral valves, myelomeningocele or high anal atresia with neurogenic bladder were excluded from the study.
Material and Methods
For inclusion of family members in the group of relatives with VUR, a previously performed voiding cystourethrography (VCU) showing reflux was mandatory, except for older relatives diagnosed in an era when VCU was not in general use. A history of recurrent febrile UTIs during childhood with or without renal damage suggesting high probability for VUR was accepted in these cases. Relatives with radiologically confirmed diagnosis were marked as certain VUR cases in the pedigrees (n = 55), while cases with a strong history but with no radiological investigations available were labelled probable affected cases (n = 49) (Figure 2) . Fifty-seven index patients who reported other members of the family with vague history of diffuse urinary tract problems, such as cystitis during adulthood, were excluded.
Owing to the fact that some individuals with VUR in our material belonged to the same family, the total number of families with hereditary reflux was ultimately 66. These 66 families were invited to participate in our study, and informed consent from patients and family members was obtained to examine medical records regarding their VUR and kidney status. The families were also asked to provide blood samples for a genetic study [8] .
To clarify the relationship and analyse the pattern of inheritance, pedigrees were constructed for each family. VUR in all affected individuals was characterised regarding presenting symptoms, grade of reflux, recurrent UTIs, kidney damage, natural course of the reflux, surgical treatment and additional anomalies. Data was also collected from medical records on subjects who did not report any relatives with VUR (controls), a total of 361 individuals. In these patients we recorded presenting symptoms, grade of reflux at presentation, recurrent UTIs (yes or no) and renal damage.
When recording the recurrent UTIs, only the febrile infections (>38.5˚C) with positive urinary culture (at least 100,000 cfu/ml) were counted in the hereditary groups. In the group of controls such data about symptoms and urinary culture were not always available.
In the characterisation of the subjects, grade of reflux was registered from VCU investigations according to the international grading system, both at presentation and at the latest follow-up before eventual surgical treatment [9] . In case of bilateral VUR, the patient was classified by the more severe side. Resolution of VUR was defined as grade II or less. DMSA and MAG-3 scintigraphy results were used for evaluation of renal damage, including split function, parenchymal abnormalities and size of kidneys. Focal damage was defined as one or more areas with reduced uptake or indentation of the renal outline. Generalised damage was classified as a small kidney with reduced tracer uptake or diffuse parenchymal anomaly. Reference values for split function were between 45% and 55%. Usually more than one scintigraphy was performed during the follow-up time. In this study we present the results from the latest available investigations regarding renal abnormality.
Glomerular filtration rate (GFR) was assessed using 51Cr-EDTA. In the cases where no direct GFR measurement was available, indirect GFR estimation was performed according to the formula of Schwartz [10] from serum creatinine and the height (cm) of the patient. The reference value used for normal GFR was 110 mmol/l/ 1.73 m 2 after two years of age according to Bröchner-Mortensen [11] and GFR < 80% (<2SD) of expected GFR was considered subnormal. Before two years of age, steady state of GFR is not achieved, and for this age group we operationally used the equation developed by Winberg for estimation of expected clearance [12] . Deterioration of renal status at follow up was defined as loss of ≥7% of split function seen on scintigram or decrease of GFR with ≥12%.
Statistical methods. In the statistical analysis of VUR phenotype in the group of relatives, only the 55 cases (of 104) were included, i.e. those who had performed VCU, whereas in the index and control groups VCU was performed in all cases and thus included. For categorical variables n (%) is presented, and for continuous variables Median (Min-Max). For comparisons between groups the chi-square test was used for non-ordered categorical variables, while Kruskal-Wallis test was used for continuous variables. For pairwise comparison be-tween groups, Fisher's exact test was used for dichotomous variables, Mantel-Haenszel chi-square test was used for ordered categorical variables, chi-square test was used for non-ordered categorical variables and MannWhitney U-test for continuous variables. All tests were 2-tailed and conducted at the 5% significance level.
Approval from the Regional Ethical Review Board in Gothenburg was obtained
Results

Familial Aggregation
The response rate of the VUR patients to the questionnaire regarding relatives with VUR was 79% (560 of 713 subjects). Of 560 individuals with VUR, 99 reported additional family members, 361 reported no relatives with VUR and 57 reported diffuse urinary tract problems in family members but without diagnosed reflux. Since it was uncertain whether or not individuals in this latter group had hereditary reflux, they were excluded. Thus, 22% (99/460) had relatives with reflux. Some of these 99 index cases belonged to the same family and therefore the total number of families with hereditary reflux was ultimately 66. The distribution of relatives with a history of VUR including both confirmed and probable affected cases was: 38 siblings, 20 parents (15 of whom were mothers), 19 cousins and second cousins, 15 aunts/uncles and 12 grandparents ( Table 1 ). The proportion of girls among siblings and cousins was 22/38 (58%) and 10/17 (59%) respectively, which does not differ from the proportion in the entire material (58%).
The numbers of affected members in the families are shown in Table 2 . 25/66 (38%) families had three or more affected members, whereas 41 only had two. In this latter group with 2 affected individuals, 21 of 41 were sibs. In total, VUR was inherited from the mother's family in 25 cases while paternal inheritance was seen in 15 cases. In four cases the families of both parents were affected and in one case sufficient data was missing. Pedigrees are shown for subjects with three or more affected family members (Figure 2 ).
Phenotype of Familial and Non-Familial VUR
For analysis the material was divided into index patients (n = 66), relatives with confirmed VUR (n = 55) and controls (n = 358). The results are presented in Table 3 . There was overrepresentation of females in all three groups, with no significant difference between the groups. The presenting symptom was pyelonephritis in the majority of cases. However, VUR in relatives had been detected to a significantly higher extent by pre-or postnatal screening than in index cases and controls. Fourteen of 52 (27%) relatives were diagnosed by screening in comparison with only 2 of 65 (3%) index patients and 25 of 342 (7%) controls (p < 0.0001). Nine of the 14 screened 
VUR Grade
The grade of reflux at presentation was significantly lower among the relatives than the index patients (p = 0.002) and the same was seen for relatives vs. controls (p = 0.0003) (Table 3, Figure 3 ). The grades of reflux in both the index and control groups showed the same distribution. Bilateral reflux was more common than unilateral reflux, with no differences between the groups. The rate of resolution of VUR was only analyzed in the hereditary groups. The reflux resolved spontaneously in 18 of 56 (32%) in the index group and 18 of 36 (50%) in the group with relatives but the difference did not reach significance. The follow-up time was median 32 months (range: 5 -117) counting the last VCU prior to eventual surgical treatment. However, persistent VUR was corrected surgically significantly more often in index cases than in relatives (p = 0.034).
Urinary Tract Infection
The number of individuals with recurrent UTIs was high, with no difference between the groups (56%, 53% and 50% in index, relatives and controls, respectively) ( Table 3) .
Renal Status
The number of children with renal damage was similarly high in all three groups. Forty-six of 64 (72%) in the index group, 23 of 36 (64%) in the group with relatives and 255 of 345 (74%) in the control group showed renal abnormalities ( Table 3) . Focal damage was seen in 22 of 64 (34%) index patients, 5 of 36 (14%) relatives and 101 of 345 (29%) controls, whereas generalized damage was present in 23 of 64 (36%) in the index group, 18 of 36 (50%) in the group with relatives and 143 of 345 (42%) of controls (p = 0.284) (Figure 4) . Most of the renal damage was unilateral, with no differences between the groups. After median 62 months (range: 4 -233) of follow-up, very few individuals showed deterioration in renal status (4 of 44 (9%) and 4 of 25 (16%) in the index and relative groups, respectively). GFR did not differ between the groups (median 92%, 93% and 98% of normal, for the index, relatives and controls respectively). Furthermore, the number of individuals with subnormal GFR was also similar in index (11 of 61 (18%)), relative (9 of 43, (21%)) and control (33 of 253 (13%)) ( Table 3 ). 
Additional Anomalies of the Urinary Tract (UT) and Other Organs
In 50 of 66 (76%) index cases and 44 of 55 (80%) relatives, VUR was the only abnormality of the UT. The most common associated UT anomaly was duplex kidney, which was seen in 18% and 13% of cases in the index and relative groups, respectively. In 13 of 66 families (20%) VUR could be a part of the CAKUT syndrome (congenital anomalies of the kidney and urinary tract) as duplex kidney or congenital generalised renal damage was seen in more than one family member. The majority of individuals in the two hereditary groups showed no anomalies in other organs (11/66 (17%) and 3/55 (6%) for index and relatives).
Discussion
Vesicoureteral reflux is a congenital defect of the urinary tract with a high risk of inheritance if a parent or sibling is affected. However, of the 560 individuals who responded to our questionnaire, 99 had other relatives with VUR while 361 had none. There was strong overrepresentation of maternal transmission of VUR. In 20 families, VUR was inherited from a parent, and in 15 of these 20 cases the inheritance was maternal. In addition, when all affected family members (except siblings) are taken into account, maternal inheritance was seen in 25 families and paternal inheritance in 15 cases. This overrepresentation of maternal inheritance has been noted in other studies but has not been attributed any particular significance [13] - [15] . One should be aware of selection bias when interpreting these results. One possible explanation in our study is that the questionnaire and the telephone interview were answered to a higher extent by the mothers of the index patients than the fathers, thereby reflecting the health problems of the maternal relatives to a higher degree. Scott et al. [15] put forward a similar explanation, rather than linkage to the X-chromosome, as suggested in a report describing a large family [16] . To date, no genetic study has confirmed the involvement of the X-chromosome in transmission of VUR. The maternal transmission of VUR could also be explained by imprinting mechanism.
The above discussed difference regarding inheritance of VUR versus gender can of course be associated with the fact that reflux is more often seen in females, in the present study 58%. Another interesting difference regarding VUR in boys and girls is the reflux phenotype. In boys reflux is often diagnosed early during infancy, is high-grade and often with congenital generalised renal damage (hypo/dysplasia). In girls, on the other hand, the peak for diagnosis is between age 1 and 2 years, the reflux is of moderate or low grade and when renal damage is present it is often focal. Therefore, a gender-specific genetic difference may well be possible, which actually recently was shown in a study of sib-pairs with familial VUR: in males significant peaks were found on chromosome 1 and 5 and in females on 3, 13 and 15 [17] .
However, VUR being a non-visible malformation in asymptomatic individuals and with a possible natural course of spontaneous resolution during childhood [18] [19] makes reflux a difficult abnormality to study in terms of heredity from one generation to another. Moreover, the fact that VCU is the only existing investigation for confirming the diagnosis leads to uncertainty in older generations, for whom this examination was not in common use. These relatives often report recurrent UTIs and problems associated with renal damage but there are no VCU films, either because no VCU was done or because the individual has forgotten.
When comparing the two study groups, familial and non-familial VUR, there were no significant differences in sex, presenting symptoms, severity of VUR, frequency of breakthrough infections, renal damage or total renal function. However, differences were noted within the hereditary group between the index group and the group with relatives. The relatives were more often diagnosed through screening than index patients (27% vs 3%). The 14 screened relatives were all siblings. Still, our study showed a low screening frequency as compared with other studies regarding hereditary VUR. The explanation for this difference is probably the method of confirming VUR diagnosis in relatives: in our study by questionnaire, hospital records and previous VCU films, whereas in most other studies VCU investigations of siblings were performed [3] [4] [20] [21] .
Differences in grade of VUR were also noted between the index group and the group with relatives, with significantly lower grades in the latter group. The same relation has previously been shown in screened siblings of children with reflux [2] [4] . One might think that our results are mainly explained by low-grade reflux in the screened siblings. However, there was no difference in grade of VUR in the different relationships: siblings, parents, cousins and aunts/uncles in the group with relatives. Another possible explanation is an increased knowledge of VUR when there is a previous case in the family, leading to earlier diagnosis even without active screening.
Overall, the prevalence of renal damage was high in the total material (74%), with no difference between the hereditary and the non-hereditary groups.In other materials comparing index patients with their refluxing siblings the prevalence of renal damage was 30% [20] . The explanation for the difference is suggested to be the fact that fewer children with low-grade reflux are diagnosed and treated in Scandinavia. In fact, the frequency of renal damage found here is very similar to that found in a recent Swedish reflux trial [22] . Cascio et al. reported an increased number of cases with normal kidneys in the relatives as compared with both index and controls [23] . A simmilar relationship was detected in the present study but the difference was not significant. In addition a lower frequency of mild renal damage (focal) was reported by Menezes et al. in relatives without UTI as compared with both index patients and relatives with a history of UTI [20] . A similar tendency with lower number of relatives with focal damage was also seen in the present study. Thus, the lower frequency of focal damage in relation to generalized damage in the relative group, as mentioned above, could theoretically be explained by lower frequency of recurrent febrile UTIs causing fewer new scars, which was reported in the study by Menezes et al. [20] . Even if we found in the present study that the VUR in the relative group was milder with regard to grade of VUR we saw no difference in incidence of infections between the groups. This could of course be explained by the low number of patients and difficulties in finding reliable data about UTI in older relatives.
Methodological limitations of our study was the lack of VCU in almost half of the relatives with VUR, owing to the fact that this radiological examination was not performed prior to the 1960s. In addition, relatives of patients with VUR were not routinely screened in Sweden, which could be responible for the lower prevalence of familial VUR in our material. Relatives with VUR could be underreported in both the herditary and control groups. The missed cases probably presented with less symptoms, given the availability of the Swedish health care. We agree that VCU is the gold standard method to detect VUR. However, it is a higly invasive investigation, which limits its use in asymptomatic relatives.
Conclusion
In conclusion, we found a possible increased inheritance of VUR via the mother, a result that is worthy of further examination both regarding inheritance and genetics. No difference was found between the phenotype of familial and non-familial reflux, whereas there was a difference between the index and relative groups, such as lower grade of reflux in the latter group.
